CS-21182 



- 33 - 



What is claimed is: 

^Q^yJ V- A multilayer ceramic coating for providing 

tnerm^l barrier protection to a substrate comprising an 
inner fceramic layer coating the substrate, the inner 
ceramiq layer having a plurality of macrocracks 
distributed throughout the inner ceramic layer, and an 
outer cebramic layer coating the inner ceramic layer, 
the outer ceramic layer being substantially free of 
vertical Ynacrocracks . 




The multilayer coating of claim 1 wherein the 
the inner ceramic layer are vertical 
acks . 

1 3 . The multilayer coating of claim 1 wherein the 



crack4 of the inner ceramic layer are vertical and 
hori zontal macrocracks . 



4 . \ The multilayer coating of claim 1 wherein .the 
inner ceramic layer includes at least a first cracked 
layer and \a second cracked layer. 

5. Tme multilayer coating of claim 1 wherein the 
inner ceramip layer has a porosity that increases from 
an inner surface of the inner ceramic layer to an outer 
surface of th& inner ceramic layer. 



6. The m\iltilayer coating of claim 1 wherein the 
outer ceramic laWer has a porosity that increases from 
an inner surface \of the outer ceramic layer to an outer 
surface of the ou&er ceramic layer. 
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7. The multilayer coating of claim 1 wherein the 
craofcs are vertical macrocracks that extend at least 
the \esser of about 0.1 mm in length or one half the 
thickness of the inner ceramic layer. 




The multilayer coating of claim 1 wherein the 
cracksl are vertical segmentation macrocracks that 
extend lat least one half the thickness of the inner 
ceramicl layer and there are from about 7.5 to 75 
vertical macrocracks per linear centimeter. 

9. The multilayer coating of claim 3 wherein the 
to/tall horizontal macrocracks extend from about 15 to 
100% ks measured across a plane normal to an interface 
of thel substrate with the multilayer coating. 



10\. The multilayer coating of claim 9 wherein the 
total horizontal macrocracks extend from about 2 0 to 
60% as measured across a plane normal to an interface 
of the silbstrate with the multilayer coating. 



11. ^ multilayer zirconia-based coating for 
providing 4hermal barrier protection to a substrate 
comprising Wn inner zirconia-based layer coating the 
substrate, the inner zirconia-based layer having a 
plurality on vertical macrocracks distributed 
throughout trie inner zirconia-based layer, and an outer 
zirconia-bas4d layer coating the inner zirconia-based 
layer, the outer zirconia-based layer being 
substantially! free of vertical macrocracks. 
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12 . The multilayer zirconia-based coating of 
ai\rn 11 wherein the inner zirconia-based layer 
es horizontal macrocracks . 



15. The multilayer zirconia-based coating of 
claim lVL wherein the inner zirconia-based includes at 
least a\ first cracked layer and a second cracked layer. 



14.1 The multilayer coating of claim 11 wherein 
the innefcr zirconia-based layer has a porosity that 



increase 
based la 
based la 

15 . 



from an inner surface of the inner zirconia- 
^er to an outer surface of the inner zirconia- 
^er . 



The multilayer coating of claim 11 wherein 
the outeil zirconia-based layer has a porosity that 
increases! from an inner surface of the outer zirconia- 
based layar to an outer surface of the outer zirconia- 
based laydr. 

The multilayer zirconia-based coating of 
wherein there are from about 7.5 to 75 of the 
segmentation macrocracks per linear 
ter . 

i7. The multilayer zirconia-based coating of 
claim \2 wherein the horizontal macrocracks are from 
about 0 V 1 to 2.5 mm in length and the total horizontal 
macrocracks extend from about 15 to 100% as measured 
across a Vplane normal to an interface of the substrate 
with the naultilayer zirconia-based coating. 




CS-21182 



5^, 



- 36 - 

\l8. The multilayer zirconia-based coating of 
cla/4 17 wherein the total horizontal macrocracks 
extend from about 20 to 60% as measured across a plane 
normall to an interface of the substrate with the 
multilayer zirconia-based coating. 



19 4 The multilayer zirconia-based coating of 
claim ll\ wherein the outer zirconia-based layer has a 
density c\ f about 45 to 90% of theoretical. 

20. \The multilayer zirconia-based coating of 
claim 11 therein the outer zirconia-based layer has a 
density of \ about 50 to 86% of theoretical. 

21. The multilayer zirconia-based coating of 
claim 11 whebrein the outer zirconia-based layer has a 
density of about 50 to 70% of theoretical. 

22. The Multilayer zirconia-based coating of claim 
11 wherein the inner and outer zirconia-based layers 
have a total thickness of about 0.2 mm to about 10 mm. 

23. The multilayer zirconia-based coating of 
claim 11 whereim the inner and outer zirconia-based 
layers have a toial thickness of at least about 2 mm. 



24. The multilayer zirconia-based coating of 
claim 11 wherein tihe multilayer zirconia-based coating 
contains a stabilising element for partially or full 
stabilizing the at \least one crystallographic phase 
selected from the g\roup of tetragonal and cubic. 
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25 . 



The multilayer zirconia-based coating of 



c3/aim\ 11 including a bondcoat between the substrate and 
the inner zirconia-based layer. 

26i. The multilayer zirconia-based coating of 
claim 25 wherein the bondcoat contains at least one 
inner sublayer and an outer sublayer, and the outer 
sublayer \has a surface roughness of at least about 3.8 
Jim as measured before the application of the inner 
zirconia-hased layer to the outer sublayer. 

27. The multilayer zirconia-based coating of 
claim 25 wherein the bondcoat is sealed with a heat 
treatment . \ 

28. A substrate having a multilayer ceramic 
coating for providing thermal barrier protection to at 
least a portion of the substrate, the multilayer 
ceramic coatinq comprising an inner ceramic layer 
coating the substrate, the inner ceramic layer having a 
plurality of cricks distributed throughout the inner 
ceramic layer, and an outer ceramic layer coating the 
inner ceramic layer, the outer ceramic layer being 
substantially free of vertical macrocracks . 

29. The substrate of claim 28 wherein the 
substrate is a component of a gas turbine engine. 



30. The substrate of claim 28 wherein the 
substrate is an air seal for a gas turbine engine. 
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il. The substrate of claim 3 0 wherein the 
mu\t}Jlayer coating is an abradable coating 

^\J^V .\ 32 . The substrate of claim 31 wherein the air 
sell \opposes a blade tip or knife edge 

13. A substrate having a multilayer zirconia- 
based coating for providing thermal barrier protection 
to at ileast a portion of the substrate, the multilayer 
zirconia-based coating for providing thermal barrier 
protection to a substrate comprising an inner 
stabilized zirconia layer coating the substrate, the 
inner stabilized zirconia layer having a plurality of 
vertical macrocracks distributed throughout the inner 
stabilized\ zirconia layer, and an outer stabilized 
zirconia l^er coating the inner stabilized zirconia 
layer, the Wer stabilized zirconia layer being 
substantially free of vertical macrocracks. 

34. The\ substrate of claim 33 wherein the 
substrate is cJ component of a gas turbine engine. 

35. The sbbstrate of claim 33 wherein the 
substrate is an\air seal for a gas turbine engine. 

/he substrate of claim 3 5 wherein the 
multiV^a^er coating is an abradable coating. 

fev. . 

7. The substrate of claim 3 6 wherein the air 



seal ooposes a blade tip or knife edge. 
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8 . The substrate of claim 33 wherein the inner 
stabilized zirconia layer contains a first layer having 
a first conductivity and a first thickness and a second 
layer having a second thermal conductivity and a second 
thickness for combining two different thermal 
conductivities and for forming a desired total thermal 
conductivity and a desired total thickness. 




